###### Strengths and limitations of this study

-   The study relies on a national exhaustive database of hospital admissions for stroke in France.

-   We were able to analyse trends of access to stroke unit over a 6-year period while the National Stroke Action Plan was being implemented.

-   Specificity of clinical information (e.g., for identifying comorbidities) in hospital records is not as high as in purposely designed epidemiological studies.

Introduction {#s1}
============

Considerable progresses in the treatment of patients who had stroke have been achieved in the last decades, admission to organised inpatient care for stroke, also named stroke units (SU), being a clinically important one. Available evidence from systematic review suggests that SU admission compared with general wards reduces the risk of death, institutionalisation and dependency by about 20%.[@R1] Deployment of SU has varied from country to country.[@R2] In France, national guidelines were issued in 2002[@R3] and updated in 2009[@R4] which both recommended that every patient who had stroke should be assessed for admission to a SU. Despite these, SU remained in short supply in France, so much so that only 25.9% of patients who had stroke were admitted in 2009.[@R5] It is likely that this shortage resulted in the selection of patients with better prospect for recovery, and in denial for patients who, despite being older, having more comorbidities, and living further from SU, could still have benefited from SU admission. The supply of SU evolved dramatically however with the impetus of the government's '2010--2014 National Stroke Action Plan',[@R6] leading to a rise from 87 SU in 2010[@R6] to 116 SU in 2012[@R8]. This translated into a near doubling of the proportion of SU admissions, recently estimated at 43% for the year 2014.[@R9]

We hypothesised that this rapid deployment of SU supply led to changes in the profile of patients admitted. Our study objectives were first to describe the trend of SU admission over the period, second to identify stroke case's characteristics associated with SU admission and third to determine whether the influence of these characteristics has evolved over the period.

Materials and methods {#s2}
=====================

Data {#s2a}
----

With authorisation from the '*Commission Nationale Informatique Liberté'* (national authority for data protection), we obtained the French Hospital Discharge Database[@R10] (thereafter hospital databases) from the *'Agence Technique de l'Information Hospitalière'* a national agency responsible for compiling all admissions in French hospitals. Although the hospital databases are mainly used for financing purposes, it contains a wealth of demographic, clinical and therapeutic information and has proved a valuable tool for analysing trends in stroke hospitalisations and care.[@R11] We selected hospitalisations with a discharge's date between January 2009 and December 2014 among residents of metropolitan France all ages considered. Metropolitan France is the mainland part of France and French islands in the Atlantic Ocean, English Channel and Mediterranean Sea, located in Europe. We identified stroke admissions as records with the following main diagnosis using the 10th revision of International Classification of Disease: I61 (intracerebral haemorrhage), I63 (cerebral ischaemic necrosis) and I64 (undetermined stroke). Admissions with main diagnosis codes I60 and G46 were excluded because they have been shown to be less predictive of being principally motivated by an incident stroke.[@R11] We also excluded diagnosis code I62 (non-traumatic subdural haemorrhage) because these patients are more relevant to admission to neurosurgical ward than to SU. In order to avoid double counting, we used record linkage to compile an initial short stay (\<2 days) with a contiguous stay in another ward or hospital for the same patient, since both stays are likely to inform about the care of the same spell of disease. Because we were interested in all stroke admissions, our database includes incident as well as recurrent cases.

Definitions and variables {#s2b}
-------------------------

The hospital database provides information on medical unit, age, gender and town of residence. We identified SU admission using medical unit codes 17 (SU without intensive care) and 18 (SU with intensive care).

Since hospitals with SU are set in urban areas, we used size of town of residence as an indirect indicator of geographical closeness to SU. In the descriptive analysis, we defined three groups as follows: small (\<20 000 inhabitants), medium (20 000--99 999) or large (≥100 000) based on 2011 population census.[@R13] Records also provide detailed information on associated diagnosis that we used to derive a Charlson Comorbidity Index (CCI). This was done with a validated algorithm which identified the presence a set of 12 diseases giving a weighted score ranging from 0 to 24.[@R14] The list of diseases includes: congestive heart failure (two points), dementia (two points), pulmonary disease (one point), connective tissue disorder (one point), mild liver disease (two points), diabetes with complications (one point), moderate or severe renal disease (one point), tumour (including leukaemia and lymphoma) (two points), metastatic solid tumour (six points), moderate or severe liver disease (four points), HIV-AIDS (four points) and paraplegia or hemiplegia (two points). Since the latter may reflect the severity of the index stroke, as well as correspond to a pre-existing comorbid condition, it is worth noting that in the context of this study the score reflects both comorbidity and stroke severity.

Statistical analysis {#s2c}
--------------------

In the descriptive analysis, continuous variables were presented as mean and standard deviation, categorical variables as number and percentage. Temporal trends of demographic, casemix and residential characteristics of patients who had stroke were assessed using linear regression for continuous variables and multinomial logistic regression for categorical variables. We mapped the proportion of SU admission at the aggregate level of the 96 French metropolitan departments (administrative districts) in the years 2009 and 2014. For this purpose, the crude proportion of SU admissions in each department was categorised in four levels: 0%--19.9%, 20%--39.9%, 40%--59.9% and 60%--79.9%.

We used logistic regression to explore the influence of patients, stroke and residential characteristics on the probability of SU admission. Because the relationship between independent continuous variables and outcome were not linear, we used fractional polynomials[@R17] in order to model the association of SU admission with age, CCI and size of town of residence. In order to assess changes in SU access over the period, we tested whether year of admission exerted significant statistical interaction on the relationship between SU admission and the following variables: age, sex, CCI and town size. For computational reasons, all analyses at this stage were performed on a 20% random sample of records (n=120 800).

Significance was set at p value under 0.05. Data were analysed using STATA V.13 (StataCorp LP). The maps were drawn with Arcgis. According to French laws and regulations, the examination of the protocol by the Ethics Committee was not required.

Patient and public involvement {#s2d}
------------------------------

There were no patients or public involvement for this study.

Results {#s3}
=======

[Table 1](#T1){ref-type="table"} shows that the number of hospitalisations for stroke increased from 93 728 in 2009 to 109 456 in 2014 (+17%). Overall, mean age of patients remained stable and the proportion of men increased marginally. Level of comorbidity displayed a positive trend, since 14.5% of patients had a CCI above 2 in 2014 compared with only 11.4% in 2009. There was also a clear trend of decreasing stroke cases being coded as 'undetermined' (from 12.5% to 5%), suggesting higher level of diagnosis ascertainment by brain imaging. Stroke hospitalisations with a SU admission still represented a minority of all hospital stays in 2014 (48 210/109 456, 44%), but their number more than doubled during the period. Compared with other patients, those admitted in SU were younger, more often of the male sex, had more comorbidities and were less often classified as undetermined stroke. The maps in [figure 1](#F1){ref-type="fig"} illustrate the spread of SU admissions during the period. In only 1 of the 96 metropolitan French departments was the proportion of SU admissions over 40% in 2009, compared with 52 departments in 2014. [Figure 2](#F2){ref-type="fig"} shows that, although the positive trend in SU admissions applied to the three town size categories, in absolute terms the increase concerned mostly patients residing in medium or small towns.

###### 

Characteristics of hospital stays for stroke in metropolitan France from 2009 to 2014 according to admission to stroke unit

                                        2009            2010            2011            2012            2013            2014            P values\*
  ------------------------------------- --------------- --------------- --------------- --------------- --------------- --------------- ------------
  Total stroke admissions                                                                                                               
  Number of stays                       93 728          97 203          96 264          101 735         105 614         109 456         
  Mean age**†** (SD), years             73.8 (14.7)     73.9 (14.9)     74.1 (14.8)     73.9 (15.0)     73.8 (15.1)     73.9 (15.0)     0.385
  Men, %                                49.7            49.7            49.6            50.0            50.2            50.9            \<0.001
  Charlson Comorbidity Index (CCI), %                                                                                                   
   0 points                             53.9            50.6            48.3            47.3            45.3            44.1            \<0.001
   1--2 points                          34.7            37.2            38.7            39.2            40.6            41.4            
   3--4 points                          9.0             9.7             10.3            10.6            11.1            11.3            
   ≥5 points                            2.4             2.5             2.7             2.9             3.0             3.2             
  Stroke subtypes, %                                                                                                                    
   Cerebral ischaemic necrosis          69.8            71.6            72.9            73.5            75.3            76.8            \<0.001
   Intracerebral haemorrhage            17.8            17.8            18.0            18.7            18.3            18.2            
   Undetermined stroke                  12.5            10.7            9.1             7.9             6.4             5.0             
  With stroke unit admission                                                                                                            
  Number of stays, N (%)                21 868 (23.3)   28 143 (29.0)   32 586 (33.9)   38 394 (37.6)   43 080 (40.8)   48 210 (44.0)   
   Mean age**†** (SD), years            68.1 (15.0)     68.7 (15.0)     69.5 (14.9)     69.9 (14.9)     70.2 (14.8)     70.6 (14.7)     \<0.001
   Men, (%)                             56.2            56.7            55.9            55.6            55.5            55.8            
  CCI, %                                                                                                                                \<0.001
   0 points                             49.4            45.3            42.9            40.8            38.4            38.4            
   1--2 points                          38.7            42.1            43.6            45.4            46.7            46.7            
   3--4 points                          9.9             10.4            11.2            11.4            12.1            12.1            
   ≥5 points                            2.0             2.2             2.3             2.5             2.8             2.8             
  Stroke subtypes, %                                                                                                                    
   Cerebral ischaemic necrosis          84.1            84.7            84.6            84.6            85.7            86.4            \<0.001
   Intracerebral haemorrhage            14.0            13.7            13.6            13.9            13.3            12.7            
   Undetermined stroke                  1.8             1.6             1.8             1.5             1.0             0.9             
  Without stroke unit admission                                                                                                         
  Number of stays                       71 860          69 060          63 678          63 641          62 534          61 246          
  Mean age**†** (SD), years             75.6 (14.2)     76.0 (14.2      76.4 (14.3)     76.3 (14.6)     76.3 (14.8)     76.6 (14.7)     \<0.001
  Men, (%)                              47.8            46.9            46.5            46.5            46.6            47.0            0.002
  CCI, %                                                                                                                                \<0.001
   0 points                             55.3            52.7            51.1            51.3            50.1            48.5            
   1--2 points                          33.5            35.2            36.2            35.5            36.4            37.2            
   3--4 points                          8.8             9.4             9.9             10.1            10.3            10.8            
   ≥5 points                            2.5             2.7             2.9             3.1             3.2             3.5             
  Stroke subtypes, %                                                                                                                    
   Cerebral ischaemic necrosis          65.4            66.2            66.9            66.8            68.2            69.2            \<0.001
   Intracerebral haemorrhage            18.9            19.4            20.3            21.5            21.7            22.5            
   Undetermined stroke                  15.7            14.3            12.8            11.7            10.1            8.3             

\*Linear regression for continuous variables, multinomial logistic regression for categorical variables.

†Age: less than 0.5% of missing values.

![Proportion of admission in stroke unit out of all stroke hospitalisations at the level of French departments (n=96) in years 2009 and 2014.](bmjopen-2018-023599f01){#F1}

![Number of admissions in stroke unit according to size of town of residence from 2009 to 2014. Missing values were excluded in this figure (0.2%--0.5% of missing values).](bmjopen-2018-023599f02){#F2}

Both patients and stroke characteristics were strongly associated with the probability of SU admission in the multivariable analysis. [Table 2](#T2){ref-type="table"} shows multivariable adjusted OR (aOR) from a model fitted on the entire database. Fractional polynomials were used to enter age, CCI and town size in the model. For these variables, aORs therefore indicate the point estimates of the associations at specified values (e.g., at age 45 years as opposed to the interval 45--54). All associations displayed in [table 2](#T2){ref-type="table"} attain high level of statistical significance. There was a strong decreasing trend of SU admission with increasing age, since the aOR of patients aged 85 versus 45 was only 0.26 (95% CI 0.25 to 0.26). On average over the period, and all other parameters being equals, men had about 10% more chance of being admitted to a SU compared with women (aOR=1.09 95% CI 1.08 to 1.10). Likelihood of SU admission rise up to a medium level of comorbidity (CCI=3) and decreased thereafter. Compared with the ischaemic type, haemorrhagic strokes were about half as likely to be admitted to a SU. On average during the period, there was a strong positive trend with increasing town size. Patients residing in large towns (\>100 000 inhabitants) were about twice likely to be admitted in SU compared with those from small towns (2000).

###### 

Factors associated with the probability of admission to a stroke unit

                                aOR\* (95% CI)                                             P values
  ----------------------------- --------------------- ------------------------------------ ----------
  Age† (years)                                                                             
   45                           Reference             ![](bmjopen-2018-023599ileq01.jpg)   
   55                           0.91 (0.90 to 0.92)                                        
  ** 65**                       0.75 (0.75 to 0.76)   \<0.001                              
  ** 75**                       0.46 (0.45 to 0.47)                                        
  ** 85**                       0.26 (0.25 to 0.26)                                        
  Gender                                                                                   
   Women                        Reference                                                  
   Men                          1.09 (1.08 to 1.10)                                        \<0.001
  Charlson Comorbidity Index†                                                              
   0                            Reference             ![](bmjopen-2018-023599ileq01.jpg)   
   1                            1.50 (1.49 to 1.51)                                        
   3                            1.90 (1.88 to 1.93)   \<0.001                              
   5                            1.44 (1.41 to 1.47)                                        
   7                            0.96 (0.92 to 0.99)                                        
  Stroke subtypes                                                                          
   Ischaemic                    Reference             ![](bmjopen-2018-023599ileq02.jpg)   
   Haemorrhagic                 0.47 (0.46 to 0.48)   \<0.001                              
   Undetermined                 0.10 (0.09 to 0.10)                                        
  Size‡ of town of residence†                                                              
   2000                         Reference             ![](bmjopen-2018-023599ileq03.jpg)   
   12 000                       1.30 (1.27 to 1.34)                                        
   51 000                       1.80 (1.75 to 1.84)                                        
   103 000                      1.93 (1.88 to 1.99)   \<0.001                              
   203 000                      1.96 (1.91 to 2.02)                                        
   447 000                      2.51 (2.43 to 2.59)                                        
  Year of admission                                                                        
   2009                         Reference             ![](bmjopen-2018-023599ileq01.jpg)   
   2010                         1.26 (1.25 to 1.26)                                        
   2011                         1.56 (1.55 to 1.57)                                        
   2012                         1.92 (1.90 to 1.94)   \<0.001                              
   2013                         2.09 (2.40 to 2.44)                                        
   2014                         2.98 (2.92 to 3.03)                                        

Hospital stays with a diagnosis of stroke in metropolitan France, between 2009 and 2014.

\*aOR, adjusted OR.

†Variables entered in the model with fractional polynomials, because of their non-linear relationship with the outcome variable. ORs indicate level of association at each specific value presented (as opposed to intervals between values).

‡As per 2011 population census, rounded to the nearest 1000.

As expected, the ORs for year of admission reflected a strong positive trend over the study period ([table 2](#T2){ref-type="table"}). However, we found marked and significant variations in the steepness of this trend across patients' subgroups. This is illustrated in [figure 3](#F3){ref-type="fig"}, which shows the temporal trends of SU admission for different modalities of patient or stroke subgroups. The lines show relative risk of SU admission using year 2009 as reference. Clear differences appear across age groups showing that the older the patients, the steeper the positive trend of SU admission. These differences are statistically significant (p for interaction \<0.001). This suggests a 'catching up phenomena' in favour of older patients, which is also identifiable for patients residing in medium and small towns compared with large towns (p\<0.001), and to a lesser extent for those with higher level of comorbidity (p=0.002). Trends of men and women were similar however (p=0.55). Ischaemic and haemorrhagic stroke types followed similar trends up to year 2012, after which admission to SU for haemorrhagic cases climbed at a slightly slower rate (not shown).

![Trends in stroke unit admission (reference level: year 2009=1) according to sex, age, size of town of residence and comorbidity.](bmjopen-2018-023599f03){#F3}

Discussion {#s4}
==========

In this study, we found as expected that SU admission overall was more likely for younger patients, affected by ischaemic stroke, with low or medium level of comorbidity and living in large towns where SU are settled. We found a strong positive trend in SU admission, which doubled in proportion despite a rise of the number of patients. However, proportion of SU admission remains lower than in other European countries: 56.9% in Germany in 2012,[@R18] 87.5% in Sweden in 2010.[@R19] An important finding is that, if this positive trend applied to all groups explored, it did so differentially, so that faster trends of SU admission were identified during the 6 year for older patients, those with more comorbidities and living in medium of small towns. In other words, with respect to these characteristics, differential trends have resulted in a reduction of inequalities in access to SU at the end of the period. However, this did not apply to women whose positive trend followed that of men, and remained less likely to be admitted to SU.

Deployment of specialised health services such as SU requires planning, resources, organisational changes and ultimately time. It is therefore no surprise that territorial differences occur in this process. We showed that territorial access to SU improved significantly between 2009 and 2014, with net progresses in the departments located in the North, North-West, South-West and East of France. We showed that, in absolute terms, 'new' patients accruing to SU over the period mainly resided in small or medium towns, which are likely to represent more rural areas and being more remote to a hospital. In Ontario, patients who had stroke living in rural areas were less likely to being admitted to SU and had lower use of stroke care interventions.[@R20] Given that more than 50% of patients in our study resided in towns with less than 50 000 inhabitants, there was clear room in 2014 for more progress in providing effective stroke care to this population. It is also worth noticing that our result may mainly reflect the spread of SUs over the territory, whereas in order to demonstrate real geographical improvement in access, one would need to show a positive trend of admission adjusted to the distance to the nearest SU. Databases with detailed patient's and SU's addresses would allow to explore this issue.

Although younger patients were overall much more likely to be admitted to SU, we showed a clear gradient of faster trends in favour of older patients over the study period. This is likely to reflect improvement in geographical access to SU since the populations of medium and small towns are older than that of urban areas in France. It also suggests that in the context of increasing, but nevertheless short, supply, neurologists have been more inclined to consider admission of older patients in SU. The accumulation of evidence showing that specialised care such as thrombolysis and thrombectomy are beneficial to younger and older patients[@R21] might also have contributed to this trend. In a 2010 review of 90 papers, Appelros *et al* concluded that there were little evidence of gender differences in stroke care.[@R25] Our findings suggest that women in France were about 10% less likely to be admitted to SU than men, with no catching up between beginning and end of the study period. Given our highly powered study, this difference is statistically significant. What matters more are the robustness and the clinical significance of this result. Women develop stroke at an older age, when they may present with more comorbidities or frailty. Therefore, it is possible that the association we found is still influenced by residual confounding (say regarding comorbidity) or by unmeasured level of severity. Indeed, some studies suggest that severity is higher and functional status lower among women at stroke onset.[@R26] Differences across gender in the aetiology of stroke have also been identified, with higher prevalence of hypertension and more frequent cardioembolic stroke linked to pre-existing atrial fibrillation among women.[@R26] Overall, we feel that the question of equal access to effective stroke care across gender in France deserves further investigation, ideally based on rich clinical databases.

As reported by Sheedy *et al* [@R29] we found that, compared with ischaemic events, patients with haemorrhagic stroke were less likely to be admitted in SU. One possible explanation for this is that, given the higher severity of haemorrhagic strokes, these patients are more often admitted in intensive care unit.

Increasing trends of absolute number of stroke hospitalisations have already been identified in France.[@R5] Here, we found an excess of over 15 000 cases (+17%) in 2014 compared with 2009. An important driver of absolute stroke number in France and comparable countries is the ageing of the population.[@R32] There is also evidence that incidence is rising in younger men and women.[@R33] Part of the trend in absolute number of cases may also be due to better identification of brain infarction[@R34] and qualification as stroke of events which would have previously been labelled as transient ischaemic attacks, especially among the 65 years and older.[@R35] This is supported by previous analyses of the French hospital database[@R5] and by the decreasing proportion of cases labelled as 'undetermined type' in our results. Whether it is from ageing, technological progresses or both, the stark reality is that France and most countries worldwide are likely to experience significant rises in absolute number of patients who had stroke to care for.

A strength of this study is to rely on a national, exhaustive hospital records database which has proved to be a reliable information source for identifying stroke cases. Validation studies, based on main diagnosis at ward level (as opposed to hospital stay, as we have done), have found overall sensitivity for stroke diagnosis as high as 77.1%,[@R36] and positive predictive value of 89%, 96%, and 87%, respectively, for diagnostic codes I61, I63 and I64[@R11] (see table 1 in online [supplementary material 1](#SP1){ref-type="supplementary-material"}).[@R11] Absolute level of comorbidities may not be accurately estimated in our study first because we had to rely on associated diagnosis coded during the stroke hospital stay as opposed to during the preceding year; second, because we used a validated but restricted list of 12 conditions; and third because we kept the condition hemiplegia in the calculation of the score, thus attributing a stroke severity dimension to the score. Since these methodological features apply to the whole study population, they should not affect year-to-year comparison however. It is also possible that coding of comorbidities might have differed between hospital with and without SU, as well as evolved during the study period. As mentioned above, we used town size as a proxy for the distance between patients' residence and SU. One would also expect that as an indicator, town size amalgamates a number of socioeconomic and cultural determinants of health and healthcare-seeking behaviour. Since low socioeconomic status is associated to both stroke incidence and outcome, more epidemiological and qualitative research should be conducted in order to understand how much these associations reflect differing access to preventive, curative or rehabilitative healthcare.
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In conclusion, in the context of SU deployment following the national Stroke care plan, the proportion of SU admission more than doubled in France between 2009 and 2014. Older patients who had stroke, those with more comorbidities and those living in smaller towns who are overall less likely to be admitted to SU, followed nevertheless a comparatively faster positive trends, suggesting a move towards more equitable access. More progress needs to be achieved in these lines in order to ensure access to all patients who could benefit from this effective care.
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